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ABSTRACT 
On [001]- oriented single crystals of high-strength 
FeNiCoAlX (X = Ta, Nb, Ti) alloys investigation of the 
thermoelastic fcc-bct martensitic transformations, shape 
memory effect and superelasticity depending on the 
dispersed particles size, test temperature and stress state – 
tension/compression were carried out.  
Superelasticity experiments in tension revealed that [001]- 
oriented crystals with dispersed particles of d < 3-5 nm in 
size showed large reversible strain of 10-13.5 % to be 
higher than theoretical strain of 8.7 %. In compression the 
reversible strain of 14.5 % is close to theoretical strain of 
15.5 % in [001]- oriented crystals. Increasing the particles 
size to d > 5-15 nm leads to decrease in reversible strain 
and stress hysteresis Δσ in tension. On the contrary, in 
compression Δσ increases, this leads to a degeneracy of the 
superelasticity. 
Physical causes of abnormally large reversible strain in 
tension are attributed to the development of <110>{110} 
elastic twinning, the effect of <112>{111} detwinning of 
the bct- martensite on the stress hysteresis Δσ and the 
stabilization of stress-induced martensite are discussed.  
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INTRODUCTION 

Studies of thermoelastic martensitic transformations from 
fcc- phase (austenite) to bct- martensite have been carried 
on FeNiCoTi alloys out over the past 30 years [Maki, 
1998]. In these studies it was shown that in order to create 
conditions for the shape memory effect and superelasticity, 
it is necessary to introduce nanosized γ'-phase particles in 
diameter from 2 to 15-20 nm into the fcc-matrix. These 
particles lead to austenite hardening, suppress of the 
sliding during fcc-bct martensitic transformations. 
Particles contribute to the appearance of twinned 
martensite and have a coherent coupling of the austenite 
lattice and γ'-particle and retain coherence during 
martensitic transformations. In study [Tanaka, 2010], for 
the first time on Fe-28%Ni-17%Co-11.5%Al-2.5%Ta-
0.05B (at.%) polycrystalline crystals with a strong 

<100>{305} texture hardened by γ'-phase particles of d ~ 
3 nm in size, an abnormally large of superelasticity 
εSE = 13.5 % is obtained at room temperature. It is 
interesting that the superelasticity value exceeds the 
theoretically transformation strain for the [001]- 
orientation in tension εLD[100] = 8.7 %. The reason for this 
abnormally large of superelasticity remains unclear. 
In the present paper, on Fe-28%Ni-17%Co-11.5%Al-
2.5%X (X = Ta, Nb, Ti) (at. %) single crystals, oriented 
for tension and compression along the [001]- direction, the 
influence of the fifth element and the particle size on the 
reversible strain at stress-induced fcc-bct martensitic 
transformation were investigated.  

THERMOELASTIC FCC-BCT 
MARTENSITIC 

TRANSFORMATIONS IN [001] – 
ORIENTED SINGLE CRYSTALS IN 

TENSION AND COMPRESSION  

Figure 1 and Table 1 show the results of a study of 
superelasticity in [001]- oriented FeNiCoAlX (X = Ta, Nb, 
Ti) single crystals in tension and compression, depending 
on the size of γ'-phase particle. It is seen that in tension of 
crystals with d = 3 nm the superelasticity value of εSE = 10-
13.5 % and exceeds the theoretical lattice deformation 
εLD[100] = 8.7 % (Fig. 1, curve 1, table 1). With increasing 
particle size, a decrease in the superelasticity value and 
stress hysteresis Δσ was observed. 
In compression of [001]- oriented FeNiCoAlX (X = Ta, 
Nb, Ti) crystals with particles of d ≤ 3 nm  in size, a 
superelasticity is found to be 14.5 % (Fig. 1, curve 2, table 
1). If the deformation value is increased to ε ≥ 15.5 -16%, 
then the stabilization effect of the stress-induced 
martensite is observed and superelasticity is not observed. 
The heating of samples containing stabilized martensite 
leads to the development of an inverse martensitic 
transformation in explosive kinetics. The sample in free-
state jumps up on 2-5 meters. An increase in the size of 
dispersed particles to d > 5-10 нм leads to a decrease in the 
superelasticity value to 5-8 %, shape memory effect value 
equal to 8.5-10 %, and no explosive inverse martensitic 
transformation is observed. 
A method for stabilizing an abnormally large reversible 
strain of ε = 13.5% in [001]- oriented FeNiCoAlX (X = Ta, 
Nb, Ti) single crystals has been developed, which consists 
in deformation at T = 77 K to ε = 13.5% and subsequent 



stress-induced exposure at T = 373-573 K for 0.5-1 hour. 
The metallographic and electron microscopic analysis of 
the stabilized martensite structure showed that 
<110>{110} mechanical twinning in the bct martensite 
develops, with which a high reversibility of deformation, 
exceeding the lattice strain of εLD[100] = 8.7 % for the 
[001]-oriented crystals in tension, is associated. It is 
assumed that at first the fcc-bct stress-induced martensitic 
transformations takes place, and then an <110>{110} 
elastic twinning develops in the bct- martensite. With an 
increase in the particle size to d > 5-10 nm elastic twinning 
<110>{110} does not occur and the superelasticity value is 
close to εLD and at d > 10 nm it is smaller than εLD 
[Chumlyakov, 2016].  
 

 
Figure 1: σ(ε) curves for [001]- oriented FeNiCoAlNb 

single crystals in tension at Т = 77 K (a) and FeNiCoAlTa 
single crystals in compression at T = 203 K (b) after aging 

at T = 973 K, 30 minutes, d ≤ 3 nm 

 

Table 1: Characteristics of the γ-α' martensitic 
transformation in [001]-oriented FeNiCoAlX (X=Ta, Nb, 

Ti) single crystals at T = 77 K in tension and at T = 203 K 
in compression  

When analyzing the tension/compression asymmetry, it is 
necessary to take into account the contribution of the 
detwinning deformation of the stress-induced martensite. 
In [001]- oriented crystals in tension do not detwinnig 
under stress due to the Schmid factor for the <111>{112} 
twinning equal zero. Consequently, the habit plane in the 
thermal- induced martensite does not change in the stress-
induced martensite [Roytburd, 2000]. This determines the 
low values of stress hysteresis in tension, which decreases 
with increasing particle size and, correspondingly, with the 
increase in the strength properties of the high-temperature 

phase. On the other hand, in [001]- oriented crystals in 
compression detwinning occurs, the habit plane deviates 
from its original position, and an accumulation of elastic 
energy occurs during fcc-bct martensitic transformation. In 
addition, there is an increase in the stress hysteresis 
associated with of the twins - dispersed particles 
interaction. 

CONCLUSION 

Achieving a high level of strength properties due to 
precipitate of the nanosized γ'-phase particles in Fe-
28%Ni-17%Co-11.5%Al-2.5%X (X = Ta, Nb, Ti) (at. %) 
single crystals leads to the thermoelastic fcc-bct 
martensitic transformations. In [001]- oriented crystals in 
tension, when the martensite does not detwinning, the 
value of the reversible strain and stress hysteresis decrease 
with increasing particle size and at d = 3 nm an abnormally 
large reversible strain of 10-13.5 % is associated with fcc-
bct martensitic transformation and the development of 
<110>{110} elastic twinning. In [001]- oriented crystals in 
compression, when the detwinning in martensite occurs, 
superelasticity reaches to 14.5 % and stress hysteresis have 
a large values Δσ = 400-500 MPa. An increase in the 
particle size to d > 5-10 nm leads to an increase in the 
stress hysteresis, a decrease in the superelasticity and to its 
complete suppression. 
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X d, 
nm 

SE, % SME
, % 

SE+SME
, % Δσ, MPa 

tens. com. com. com. tens. com. 

Ta 3 10.5 14.5 - - 300 400 
5-10 8 5 5 10 200 500 

Nb 
3 13.5 14.5 - - 200 400 

5-10 8 1 14 15 180 400 
15 5 - - - 100 - 

Ti 3-5 10 - - - 400 - 15 5-7 200 
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